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SUMMARY
Three hypertensive men with end-stage primary renal disease were hemodynamically evaluated before and 3 to 4 weeks after bilateral nephrectomy and before and after 6 hours of hemodialysis with the twin coil artificial kidney. Conclusions include the following: (1) The height of the blood pressure and changes in plasma volume (P.V.) are not necessarily directly related in the early renoprival state. (2) Increased total peripheral resistance (TPR) plays an important role in maintaining elevation of blood pressure after nephrectomy. (3) We cannot document that bilateral nephrectomy has a beneficial effect on the hypertension of chronic renal failure during the first month of the anephric state. (4) Renin is not involved in maintaining elevated blood pressure after nephrectomy. (5) Increased sensitivity to ganglionic blockade may follow nephrectomy if P.V. decreases. (6) No evidence supports the existence of a "cardiodepressor" substance in uremia. (7) Increased blood pressure occasionally seen during hemodialysis is probably related to several factors (increased cardiac output, increased TPR). (8) volume and the height of the blood pressure. 4 Furthermore, it has been demonstrated that with changes in plasma volume there is, in addition, an inverse relationship in peripheral vasoconstriction manifested by changes in sensitivity to ganglionic blockade. 4 Because of problems of securing, managing, and controlling this type of patient, such
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Circulation, Volume XXXV, February 1967 studies are understandably based on the evaluation of only one or two patients. We undertook the present investigation in order to examine, in a controlled manner, some of the points mentioned. Even though our series is also small, some definite "negative" impressions can be derived as well as several C'positive" points as a guide for further study.
In addition, we have attempted to evaluate in a limited fashion the response of the cardiovascular system to uremia per se, the hemodynamic effects of hemodialysis, and the relationship of extracellular fluid and total body water to the hypertension of renal failure.
Methods
Three male hypertensive patients (ages 16 to 44 years) with chronic renal failure requiring periodic hemodialysis for maintenance of life were studied. These patients were candidates for bilateral nephrectomy in preparation for renal transplantation. The severity of hypertension was judged by funduscopic5 changes ( were also recorded during this period. This procedure was repeated two to three times.
After the hemodynamic measurements returned to control levels, the patient repeatedly lifted and lowered a 7-pound cylinder from a recumbent position for 3 to 5 minutes. C.O. was measured immediately after this exercise.
After return to base line, an intravenous drip of trimethaphan (Arfonad) (1 mg/ml at 60 gtt/min) was started. If there was no fall in blood pressure after 5 minutes, the patient was slowly "tilted" to 180 from the horizontal. This tilt was maintained for 30 seconds to 3 minutes depending upon the degree of hypotension.
Following a recovery period (approximately 32 hour), blood volume was determined by the summation method using Evans blue dye and 51Cr with equilibration times of 0, 5, 10, and 30 minutes.9 10 Blood was also drawn for determinations of hematocrit and serum concentration of urea nitrogen (BUN), sodium, potassium, chloride, bicarbonate, and creatinine by standard laboratory methods.
The patient was then transferred to a bed scale and hemodialysis was performed with the twin coil artificial kidney. The machine was primed with blood collected from the coil during the previous dialysis1' ( Two separate studies were performed on each patient. Pertinent clinical and laboratory data are shown in table 2. The concentration of BUN ranged from 85 to 180 mg/ 100 ml before dialysis. Severe acidosis (serum bicarbonate level less than 20 mM/L) was not volume was elevated in all patients before dialysis and ranged from 106.7% to 158% of the predicted normal value. Although total body weight did not change with dialysis more than 0.2 kg and in most instances less than 0.1 kg, plasma volume decreased more than 10% after dialysis in four instances (patient 1-pre-N, on two occasions, patient 2-pre-N, and patient 3-post-N) and was increased in one case (patient 1-post-N) and remained unchanged after the remaining two dialyses. Serum Na+ was not significantly altered with dialysis (table 2) .
The results of plasma volume determinations were treated as paired data (pre-dialysis minus post-dialysis) and a t-value was calculated for the difference, t = 2.23 (P < 0.1.). Changes in large vessel hematocrit (LVH) after dialysis were in the same direction as changes in plasma volume. Red cell volume was not altered significantly (< 10%) following dialysis, except in one instance (patient Circulation, Volume XXXV, February 1967 The change in sensivity to ganglionic blockage after dialysis was determined by the response to trimethaphan. Patient 1 (pre-N) did not respond to trimethaphan infusion before dialysis (total dose given, 100 mg), but following dialysis, he demonstrated a fair response to half that amount of the drug (50 mg). Patient course of patient 1, correlating blood pressure, weight, and time after nephrectomy. There was no decrease in mean blood pressure in the 3 weeks following surgery. There was, however, a significant decrease in systolic and diastolic pressures 434 months after nephrectomy while he was being maintained with biweekly hemodialysis.
Hemodynamic Response (Figs. 1 to 6) No consistent difference in the response to the Valsalva maneuver or to exercise was noted pre-and post-nephrectomy. A reflex bradycardia was not associated with the Valsalva maneuver either in the pre-or postnephrectomy state. The resting cardiac output was slightly increased after operation in patients 1 and 3 and decreased in patient 2.
The patients with decreased plasma volume post-nephrectomy had increased sensitivity to ganglionic blockage and increased TPR. Patient 1 had no response to 100 mg of trimethaphan before nephrectomy but responded to 50 mg after nephrectomy. Patient 2 demonstrated minimal response to 75 mg of the drug prior to operation but developed marked hypotension with only 10 mg after surgery.
Volume Changes (Table 4) ECW and TBW were increased above normal in all patients before and after nephrectomy. ICW, on the other hand, was consistently within the normal range. Body weight had decreased in all patients post-nephrectomy. In patient 1 the relationship of TBW, ECW, and ICW to total body weight did not change appreciably. Patients 2 and 3, whose weight decreased following operation, demonstrated an increase in TBW manifested by a rise in ECW, and a fall in ICW. The increase in ECW, however, was not reflected by an increase in plasma volume in patient 2.
Renin Assay (Table 5) Renin levels were low in all patients following operation. Patient 1 demonstrated a slight increase in the enzyme from 38 nanograms (ng)/100 ml to 110 ng/100 ml after nephrectomy, and patient 2 demonstrated the highest value for the group prior to nephrectomy (560 ng/ 100 ml). left ventricular failure except in one instance. In patient 1 ( fig. 7 ) the test was abnormal prior to nephrectomy and was the only parameter measured to indicate a degree of failure. This test improved following dialysis when plasma volume decreased. No consistent change in blood pressure was noted with dialysis. It is not uncommon to observe an increase in blood pressure in a patient undergoing hemodialysis.24 This usually occurs after the first hour. The reason for such an increase was not detected from this study. The blood pressure was high in all individuals and generally remained so throughout the dialysis. Patient 1 on most occasions when he is having a "routine" dialysis will experience a significant rise in blood pressure associated with headache and occasional nausea. This pattern persisted during the study both before and after nephrectomy. Before nephrectomy there was a slight rise in cardiac output, which may have accounted for the increase in mean pressure. Following nephrectomy, however, cardiac output did not change, but TPR rose. In addition, there was an increase in sensitivity to ganglionic blockade, implying that sympathetic vasomotor activity was responsible for the post-dialytic rise in blood pressure. It is probable that the rise in blood pressure occasionally seen with dialysis is due to multiple factors (increased cardiac output, peripheral vasoconstriction, central nervous system changes, and others), and that one or a combination of such factors is responsible for the hypertension in the individual patient.
It has been shown recently in an anephric patient studied by Dustan and Page4 that changes in blood volume are reflected by similar changes in blood pressure. This observation coupled with earlier work from this25 and other laboratories2 suggesting such a correlation leaves little doubt that blood pressure and blood volume are closely related. It is The distribution of body fluids is not changed significantly with nephrectomy. In our cases there was an excess of total body water and specifically there was a marked increase in extracellular water. The increase in extracellular water was proportionally larger than that of intracellular water (which was normal). One would expect most patients being maintained with the artificial kidney to show an increase in extracellular fluid. This seems to be the case even when negative nitrogen balance has been reversed and the patient is assimilating body mass. With the limitation in excretory function it is difficult to maintain the patient completely "dry" between dialyses and the removal of fluid by ultrafiltration during the procedure to some degree selectively removes fluid from the circulating volume. Over the relatively short time during which dialysis is performed, extracellular fluid may not be mobilized completely and the patient tends to maintain a state of chronic overhydration. This appears to be so as immediately following renal homotransplantation in some patients who are "dry" by clinical standards (including dialysis to the point of hypotension), we have observed diuresis and the patient may lose several kilograms of body weight without depleting circulating volume.
As stated, the volume distributions seen in these patients are not specific and suggest overhydration and after surgery a loss of body mass (decreased ICW).
In summary, the following points may be said of this study: (1) This reservation is based on the fact that some patients maintained with the artificial kidney undergo an identical amelioration in their hypertension without surgery. (4) Renin is not involved in maintaining an elevated blood pressure after nephrectomy. (5) An increased sensitivity to ganglionic blockade may be present following nephrectomy if plasma volume decreases. However, there is no consistent correlation between an increased sensitivity to trimethaphan and changes in plasma volume if the plasma volume falls during dialysis without a change in body weight. (6) We can find no evidence to support the existence of a "cardiodepressor" substance in uremia. (7) The increase in blood pressure occasionally seen during hemodialysis is probably related to several factors (increased cardiac output, increased TPR). (8) Plasma volume during hemodialysis may fall even though body weight is maintained constant. The cause of such a redistribution of fluid is unknown but does not appear to be Circulation, Volume XXXV, Februariy 1967 secondary to generalized vasoconstriction. (9) Hypertensive patients with chronic renal failure, being maintained with periodic hemodialysis, are overhydrated with an increase in TBW and ECF. (10) If plasma volume is unchanged across hemodialysis, there is usually no change in cardiac output.
